Four novel mono-tetrahydrofuran (THF) acetogenins, montanacins B-E (1-4), were isolated from the ethanolic extract of the leaves of Annona montana. The structures of 1-4 were established by spectroscopic methods and their absolute stereochemistries were determined by the advanced Mosher ester method. Montancins D (3) and E (4) bear a non-adjacent tetrahydropyran (THP) ring along with a THF ring and are the most unusual type of acetogenins discovered so far.
Annonaceous acetogenins are a new class of promising bioactive agents that are found only in the plant family Annonaceae. They exhibit a broad spectrum of biological activities such as antitumor, immunosuppressant, antifeedant, antiparasitic, antimicrobial, and pesticidal effects. 1) Since the first acetogenin, uvaricin, was reported in 1982, 2) more than 250 of these compounds have been isolated from the family Annonaceae. Recently, cytotoxic acetogenins and alkaloids have been isolated from Annona montana MACF. [3] [4] [5] [6] As a part of our continuing studies on antitumor constituents from Chinese Annonaceae plants, [7] [8] [9] the CH 2 Cl 2 fraction of the ethanol extract of the leaves of A. montana, collected in China, was found to show significant cytotoxicity in a brine shrimp test. 10) From this fraction, we have isolated four novel acetogenins, montanacins B-E (1-4). The structural determination of these compounds is discussed herein and the absolute configurations of 1-3 were determined by the advanced Mosher ester methodology.
11)

Results and Discussion
Montanacin B (1) was obtained as a white solid which showed a quasi-molecular ion peak at m/z 633 [MϩNa] ϩ and 649 [MϩK] ϩ in its fast atom bombardment mass spectroscopic (FAB-MS) spectrum. A molecular formula of C 35 H 62 O 8 was confirmed by high resolution positive FAB-MS, which gave a mass of m/z 633.4348 [MϩNa] ϩ (Calcd 633.4343). Compound 1 showed a UV absorbance at 225 nm and IR absorbtion at 3400 (OH) and 1734 cm Ϫ1 , characteristic for an a,b-unsaturated g-lactone. With the aid of 1 H-1 H shift correlation spectroscopy (COSY) and 1 H-detected multiple quantum coherence (HMQC) experiments, a methylated a,b-unsaturated g-lactone fragment with a hydroxyl group at C-4 ( Fig. 1) , a common feature found in many acetogenins of the family Annonaceae, 12) was assigned due to the presence of six signals at d 7.19 (H-33), 5.06 (H-34) 1.43 (H 3 -35), 2.41 and 2.51 (H 2 -3) and 3.87 (H-4) in the 1 H-NMR spectrum (Table 1) , and six signals at d 174.6 (C-1), 151.9 (C-33), 131.1 (C-2), 78.0 (C-34), 19.1 (C-35) and 69.7 (C-4) in the 13 C-NMR spectrum (Table 2) . This was further confirmed by the observation of a fragment ion peak at m/z 141 in the electron impact mass spectrometric (EI-MS) spectrum ( Fig.   2A ). The position of an additional hydroxyl group was suggested to be C-8 by a chemical ionization mass spectrometric (CI-MS) experiment (fragment ions at m/z 213→195→177), and by the upfield shift of C-6 (d 21.5 ppm) due to a double b-effect in comparison to a normal methylene (ca. d 29.0). The relative stereochemistry associated with the C-15 to C-20 moiety in 1 was suggested to be threo/trans/threo by the close match of the NMR data with those of synthetic model compounds suggested by Fujimoto et al. 14) and the known acetogenins, annonacin and xylomaticin. 15, 16) The absolute stereochemistry of 1 was established by applying advanced Mosher ester methodology. The (R)-and (S) a-methoxy-a-trifluoromethylphenylacetic acid (MTPA) esters of 1 (1s and 1r) were prepared and their 1 H NMR signals were assigned by 1 (Fig. 3A) . The data indicated that the R-stereochemistry for the carbinol centers at C-4, C-8, C-15, and C-20. The configuration at C-34 was S, as determined by Hoye's method. 17) Montanacin C (2) showed the same molecular formula (C 35 (Tables 1 and 2) and the EI-MS fragmentation pattern ( Fig. 2A) were close to those of 1, suggesting a similar skeleton (Fig. 1 15, 16) the relative stereochemistry associated with the mono-THF ring from C-15 to C-20 in 2 was suggested to be threo/cis/threo. 14) In the per-Mosher ester of 2, it was difficult to establish 1110 Vol. 48, No. 8 the absolute stereochemistry at C-15 and C-20 since the two phenyl rings on the Mosher esters flanking the THF ring take the same orientation, causing H-16, H-17, H-18 and H-19 to receive both shielding and deshielding effects at the same time. However, it is anticipated that the chemical shift of H-21 is significantly influenced by the MTPA group at C-20, and much less by that at C-15. With this assumption, the data was interpretable and the absolute stereochemistry at C-20 was assigned the S configuration. Since the relative stereochemistry of the mono-THF ring system was determined, the absolute stereochemistry at C-15 was consequently assigned as R. This result was identical to all cis-mono-THF ring acetogenins examined so far.
18) The 1 H-NMR chemical shift data of 2s and 2r demonstrated negative signs for Dd 2s-2r of H-3, H-33, H-34, and H-9, indicating the R configurations at C-4 and C-8 in 2 (Fig. 3B) .
The HR-FAB-MS spectrum of 3 showed a quasi-molecular ion peak at m/z 593.4337 [MϩH] ϩ (Calcd for C 35 H 61 O 7 : 593.4417), 18 mass units less than those of 1 and 2. Furthermore, its NMR spectral data (Tables 1 and 2 ) differed slightly from those of both 1 and 2. When compared with those of 1, it was obvious that signals of H-4 (Ϫ0.28 ppm) and H-8 (Ϫ0.2 ppm), C-3 (Ϫ2.5 ppm), and C-10 (Ϫ3.0 ppm) were shifted upfield, but those of C-4 (ϩ6.0 ppm) and C-8 (ϩ6.5 ppm) were shifted downfield. This observation led us to assume that cyclization may occur at C-4 and C-8, through an ether linkage, which leads to the formation of a THP ring (Fig. 1) . This was further supported by the observation of an intense fragment ion peak at m/z 195 (100) in the EI-MS (Fig. 2B) , which was produced by cleavage at C-8/C-9. The spatial correlation observed between H-4 and H-8 in the nuclear Overhauser effect spectroscopic (NOESY) spectrum of 3 established the cis stereochemistry of the THP ring. The presence of a mono-THF ring with two flanking OH groups (d H 3.80/d C 82.6 and 82.8) was also established to be at C-16/C-19 (EI-MS fragment ions at m/z 269, 323 and 375). Moreover, the relative stereochemistry associated with the moiety from C-15 to C-20 in 3 was suggested to be threo/trans/threo, similar to that in 1. 14) On the basis of the 1 H-NMR spectrum of per-Mosher ester derivatives of 3 (3s and 3r), the absolute stereochemistry at C-15 and C-20 was determined to be R for both (Fig. 3C) .
Montanacin E (4) showed the same molecular formula (Tables 1 and 2 ) and EI-MS data (Fig. 2C) for both compounds were almost indistinguishable, except for slight differences in chemical shifts from C-17 to C-21 (similar resonances were seen in 2). These findings suggested the presence of a cis-THP ring at C-4/C-8, a carbonyl at C-10, and a mono-THF ring with two flanking OH groups at C-16/C-19 (Fig. 1) . The 2 (C-14), 74.1 (C-15), 82.6 (C-16) 18) It is noteworthy that compounds 1-4 reported herein are two pairs of diastereomers, 1 and 2, and 3 and 4. Compounds 3 and 4 are rare acetogenins containing a non-adjacent THP ring. Mucocin was the first acetogenin with a hydroxylated THP ring, isolated from Rollinia mucosa (JACQ.) BAILL. 19) To date, only four such acetogenins have been discovered. [19] [20] [21] [22] We have now disclosed two related acetogenins 3 and 4, which possess a nonhydroxylated THP ring at C-4/C-8 along with a non-adjacent THF ring and are different from the four acetogenins reported previously.
Compounds 1-4 were isolated from the CH 2 Cl 2 -soluble fraction of the EtOH extract, which showed significant cytotoxic activity in a brine shrimp lethality test. The cytotoxic activity of 1-4 and other related compounds against human tumor cell lines will be investigated in our laboratories.
Experimental
General Procedures Optical rotations were measured in MeOH solution using a JASCO DIP-360 automatic polarimeter at 25°C. IR spectra were measured with a Hitachi 260-10 infrared spectrophotometer. UV spectra were taken on a Shimadzu UV-2200 UV-VIS spectrophotometer (Kyoto, Japan) in MeOH solution.
1 H and 13 C spectra were taken on DRX500 ( 1 H, 500 MHz, 13 C, 125 MHz) spectrometers with tetramethylsilane (TMS) as an internal standard. EI-MS, CI-MS and FAB-MS spectra were measured on a Finnigan MAT-95, and HR-FAB-MS were obtained with a VG Autospec-3000.
Plant Material Annona montana leaves were collected from Hainan Province and the species was identified by Prof. Renzhou Yang, South China Institute of Botany, Chinese Academy of Sciences. A voucher specimen was deposited in the Herbarium of Shanghai Institute of Materia Medica.
Extraction and Isolation The air-dried leaves (3 kg) were powdered and percolated with 95% EtOH (10 lϫ3) for three days. The EtOH extract was evaporated in vacuo to give 200 g of a solid residue. The residue was suspended in H 2 O and then shaken with CH 2 Cl 2 to give H 2 O and CH 2 Cl 2 layers. The CH 2 Cl 2 layer was evaporated to dryness and the residue (120 g) was suspended in 90% MeOH and shaken with hexane. The MeOH layer was evaporated to give 85 g of a solid residue. The MeOH extract was repeatedly chromatographed on columns of silica gel, using gradients of CH 2 Cl 2 -MeOH (CH 2 Cl 2 , 49 : 1, 19 : 1 and 9 : 1), to give fractions A, B, C and D. Repeated chromatography of fraction C on columns of RP-18 (eluted with 85% aq. MeOH) and Sephadex LH-20 (eluted with 95% aq. MeOH) gave 1 (10 mg) and 2 (11 mg). Similar treatment of fraction B gave 3 (8 mg) and 4 (3 mg).
S-and R-MTPA Esters of 1-3 (ϩ) or (Ϫ)-MTPA-Cl (55 ml) in dry pyridine-CCl 4 (1.2 ml and 0.8 ml, respectively) was sequentially added via syringe to a solution of acetogenin (3 mg) in CH 2 Cl 2 , (1 ml). The reaction mixture was then shaken and allowed to stand at room temperature until the reaction was complete as judged from no more formation of crystalline pyridine hydrochloride. Excess 3-dimethylamino-1-propylamine (48 ml) was added, and the mixture was then diluted with ether after allowing to stand for 5 min. The ether layer was washed with cold 1N HCl, cold saturated Na 2 CO 3 , and saturated NaCl, and then dried over MgSO 4 . The filtered ether solution was evaporated in vacuo to give a residue, and the NMR spectrum was taken of this residue.
Montanacin B (1), a white solid, [a] 
